(Received for publication January 20, 1942) Earlier studies from this laboratory (1, 2, 3) have shown that the intravenous administration of 500 to 1500 cc. of fluids, at rates ranging from 9 to 125 cc. per minute, results in appreciable increases in plasma and blood volumes. Significant changes in cardiovascular dynamics did not occur at rates of injection under 20 cc. per minute; administration of fluids intravenously at faster rates resulted in rises in venous pressure and cardiac output, slight increases in pulse rate and pulse pressure, and, in some experiments, acceleration of the velocity of blood flow. Acceleration of blood flow usually occurred (2) when 500 to 600 cc. of fluid were given intravenously, at rates of 20 to 30 cc. per minute; infusions given in larger volume or at more rapid rates caused unexpectedly small increases, or even transitory decreases, in the velocity of blood flow. It was therefore believed that transitory increase in the amount of blood in the lungs may have occurred under these circumstances. Studies of respiratory dynamics were made (2) (5) , the respiratory dynamics being measured at the same time. Duplicate studies of these pulmonary functions and estimations of the hematocrit and plasma protein were made before the infusion and again at the end of injection. The first of the measurements of lung volume, after infusion, was completed as the infusion ended or within three minutes thereafter. Immediately following this, the reserve and complemental airs were measured and then the second of the postinfusion estimations of the lung volume was made. The hematocrit and plasma protein concentration were measured as in previous studies (1, 2, 3) . Calculations of the changes in blood volume were based on methods previously described (1) .
OBSERVATIONS
The functional residual and residual airs before and after the injection of fluids showed no differences outside the limits of error of the method used (Table I) .
The changes in the other components of the total lung volume and in the total lung volume itself were in most instances only slight and frequently well within the limits of error of the method. However, there was a consistency in the changes which demonstrated a tendency toward a decrease (Table I) , as is evident from the following resume. The reserve air was diminished in all instances after injection, the decreases ranging between 30 and 240 cc., or 2.5 and 26. 8 The respiratory minute volume increased significantly after the infusion in three of the six experiments, being essentially unchanged in the other three. The increases in respiratory minute volume were due in two instances to increases in respiratory rate and in one, to augmented tidal air volume. In five of the six experiments, the volume of the tidal air was somewhat diminished.
The above described changes in the pulmonary dynamics and subdivisions of the total lung volume were still detectable 40 minutes after the end of infusion.
DISCUSSION
Earlier studies (2) capacity. In the present study, the three subjects who received 1800 cc. of fluid, at rates of 39 to 55 cc. per minute, showed changes within this limit; two of the three receiving the fluid at 90 to 185 cc. per minute showed only slightly greater decreases in vital capacity (Table I ). The two components of the vital capacity, i.e., the reserve and complemental airs, showed approximately the same degree of change following infusion. Since the residual air did not change, it is clear that the slight decreases observed in total lung volume were due to diminution of the vital capacity. In general, the changes in the total lung volume and its various subdivisions were too small to be considered physiologically significant.
Congestive failure results in a relative increase in residual and functional residual air volumes as compared to total lung volume (7) . In the present study changes in the ratios between functional residual and residual air volumes and the total lung volume were small and not consistently in the same direction (Table II) (9) found that rabbits might develop edema of the lungs after receiving intravenous infusions equivalent to approximately half their body weight; in dogs, pulmonary edema only rarely developed after the intravenous administration of fluids equivalent to as much as 90 per cent of their body weight. The slowing of blood flow previously noted (2) and the slight decreases in vital capacity observed in the present study and by Richards et al. (6) after large, rapidly administered intravenous infusions are to be ascribed to a minor degree of pulmonary vasodilatation, associated with increased total blood volume resulting from the infusions. Evidences of speed shock (10) were not observed in these or previous studies in which fluid was given intravenously at rapid rates. It is not to be concluded, however, that the rapid administration of large intravenous infusions is likewise without deleterious effect in individuals who are not normal. Richards et al. (6) reported a marked decrease in vital capacity, dyspnea, and the appearance of rales in the lungs, after such infusions in cardiac patients; patients with various forms of pulmonary disease also exhibited marked diminution in the vital capacity (6, 11 (14) have described increased susceptibility to pulmonary edema in animals following bilateral vagotomy. Farber found that whereas intact rabbits showed no pulmonary edema after intravenous infusions of 250 to 400 cc. of isotonic sodium chloride solution at rates of 30 to 40 cc. per minute, bilaterally vagotomized animals developed severe edema of the lungs after receiving smaller volumes at slower rates. The fact that changes in pulmonary dynamics and lung volume following rapid intravenous injections of large volumes of fluid in normal subjects were at most only slight, in no way alters the clinical concept that when it is necessary to administer fluids intravenously in patients with a tendency toward pulmonary congestion and edema because of cardiac, pulmonary, central nervous system, or renal disease, these infusions should be given at slower rates and with caution.
SUMMARY AND CONCLUSIONS 1. Studies of the effect of the injection of fluids intravenously on the subdivisions of the lung volume and on the respiratory dynamics have been made in six normal subjects.
2. Injection intravenously of 1800 cc. of isotonic sodium chloride solution, at rates of 39 to 185 cc. per minute, in these normal subjects caused no change in residual air, and only slight decreases in the vital capacity, its components, the reserve and complemental airs, and in the total lung volume. The respiratory minute volume showed no consistent change, although the tidal air was usually decreased. All the changes in pulmonary function found after intravenous infusions in these normal subjects were insignificant.
3. The slight decreases in vital capacity, its components, and the total lung volume, after these massive intravenous infusions at rapid rates in these normal subjects, are interpreted as due to slight pulmonary vasodilatation associated with temporarily increased blood volume.
4. The fact that changes in pulmonary dynamics and lung volume, following rapid intravenous injections of large volumes of fluid in normal subjects, were at most only slight, in no way alters the clinical concept that when it is necessary to administer fluids intravenously in patients with a tendency toward pulmonary congestion and edema, -because of cardiac, pulmonary, central nervous system, or renal disease, these infusions should be given at slower rates and with caution.
